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INTRODUCTION
Boron (B) is a ubiquitous element in the human environment. It is widely distributed and combined with oxygen to form inorganic borates. Boron is an essential micronutrient for growth of plants and, as such, occurs naturally at trace levels in fruits and vegetables that are part of the human diet (1) . Bone, nails, and hair have a higher level of boron than other tissues (2, 3) . It has been reported that, boron may be beneficial for optimal calcium metabolism and, as a consequence, optimal bone metabolism (4) . Chronic suboptimal intake of boron in association with other nutrients and vitamins may predispose a person to osteoporosis (5) . The effects of dietary boron on bone strength have been evaluated in animals with positive results. In pigs, boron supplementation showed beneficial effects on bone characteristics (6,7) . In chickens, it is generally accepted that boron increases the strength of bone and augments the bone ash content (8,9) . In rats, results showed an increase in strength of the axial skeleton (10) . Boron supplementation to a low-B diet increased measures of bone mechanics and bone ash percentage in barrows (11) . In addition, B has been linked to the metabolism of macrominerals (12) , energy metabolism (13) , and the immune system (14 ) . The study of B essentiality in animal and human nutrition has increased as it was found that boron partially corrected leg abnormalities in cholecaciferol-deficient chicks (15) .Research has demonstrated that B may have a physiological role in both animal and human nutrition (11) .
MATERIALS & METHODS

MATERIALS: Boron:
Sodium tetraborate decahydrate (Na 2 B 4 O 7 .10H 2 O) was used as a source of Boron. It was brought from El-Nasr pharmaceutical chemicals company.
Experimental animals:
Eight groups each of eight weaning female Albino rats (SpraugeDawley) strain, mean weight varied between 156.2 to 158.8 g were used. They obtained from Helwan breeding farm, Cairo, Egypt. The animals housed in the animal room of the department individually in plastic cages fitted with a wire mesh bottoms, and maintained at 25-30°C with about 50% relative humidity. The room lighted on a daily photoperiod of 12h light and dark. Then they allocated to the various experimental diets for six weeks. During the conditioning period and throughout the experiment, food and tap water provided ad libitum.
Experimental diets
The experimental diets used in the present study were the balanced diets prepared according to AIN (16) . Group I (control group); rats were feed on a balanced basal diet. Group II; rats fed on basal diet+5 mg B/100 g diet. Group III; rats fed on basal diet+10 mg B/100 g diet. Group IV; rats fed on basal diet+15 mg B/100 g diet. Group V; rats fed on basal diet+20 mg B/ 100 g diet. Group VI; rats fed on basal diet+25 mg B/100 g diet. Group VII; rats fed on basal diet+30 mg B/100 g diet. Group VIII; rats fed on basal diet+35 mg B/100 g diet for six weeks.
METHODS A-Bone:
At the end of an experiment (42 days), animals were fasted for 16 hours. They were anesthetized with diethyl ether. Right and left entire long bones (femur and tibia) were obtained from all experimental rats under investigation. Femurs and tibiae cleaned up from adhering muscle and connective tissue using scalpel blade and cotton gauze. Bone samples rinsed in chilled saline solution then blotted on filter paper and weighed separately to calculate the absolute weight.
B-Analytical Procedures: I-Bone Characteristic:
The length of each femur and tibia measured with a vernier caliper, before measurement of the bone density, each bone segment treated with H 2 O 2 diluted with deionized water (DI) to remove remaining tissue fragments and blood residues and rinsed with DI water. Bone volume and density measured by Archimedes' principle (17) , and the density (g\cm 3 bone volume) were calculated. After that, bones frozen at -20°C until mechanical properties, bone ash and lipids content were determined.
II-Bone Mechanical tests:
Bones were thawed and all specimens kept moist during the testing process in order to avoid variability resulting from uneven moister content. Numerous kinds of tests used to determine the strength of materials. The most commonly used to evaluate the mechanical properties of bone is a flexure test (bending test) according to Baker and Haugh (18) . In a flexure test, the bone is simply supported at each end and a force is applied at midspan. Mechanical properties determined were; bending moment (kg-cm), moment of inertia (cm 4 ), and stress (kg/cm 2 ). These mechanical properties of bone have been previously described by Crenshaw et al., (19, 20) and Armstrong et al., (11) . Bending Moment is simply the force applied to the bone adjusted for the distance (length) over which it is applied (19, 20) . Bending moment is calculated by the following equation: Bending moment (kg-cm) =Force (kg) x Length (cm) 4 Where, Force is a measure of the maximum load, and length is the distance between the two fulcra points that support the bone. Moment of inertia was determined for the cortical bone. Moment of inertia is a measure of the area distribution around the axis of the center load in the direction of the applied force Bone mechanical properties were determined using an Instron Universal Testing Instrument (Model 1122; Instron, Canton, MA).
III-Bone Lipids:
Cross section of the femur and tibia weighed and dried for 18 h at 100°C. The bone sections weighed again, wrapped in filter paper, placed in a side-arm Soxhlet extraction apparatus, extracted with petroleum ether for 48 h and allowed to air dry for 48 h. Bone sections dried at 100°C for 18 h and weighed. The percentage of bone lipids was calculated based on weight loss after solvent extraction of dry bone (11) .
IV-Bone Ash:
The percentage of bone ash was calculated after heating the cross sections of fat-free bone in a muffle furnace at 700°C for 48 h. Bone ash was dissolved in 5 ml 6 mol/L HCl and brought to 50 ml with deionized water. Bone ash calcium, phosphorus, magnesium, zinc and copper concentrations were determined by atomic absorption spectrophotometry, (Model Unicam 929 A.A) with computer system.
Statistical Analysis:
Statistical analyses of data were performed by ANOVA using SPSS 10.0 version. All data were expressed as means ±SD. P-value:>0.05 insignificant, <0.05 significant, <0.01 highly significant.
RESULTS
The results presented in table (1) show the mean values of biological indices, such as food intake (g/day), and body weight gain (g) when rats consumed the different experimental diets. The results of the present study showed that, there were nonsignificant differences in the mean values of feed intake (g/day) among the different experimental groups. Body weight gain showed highly significant differences (p<0.01) between different experimental groups.
The effect of different diets on femur bone characteristics (weight, length, and density) and mechanical properties (bending moment, moment of inertia and stress) are shown in table (2) . The results revealed that, there was no significant effect on femur length through the experimental periods (42 days). On the other hand, a significant increase (p<0.01) in femur weight was observed in rats fed on diet supplemented with 25 mg B/100 g diet (G 6 ) compared with control group.
Femur density was significantly higher (p<0.01) in rat groups fed diets containing high doses of sodium tetraborate (from G 5 to G 8 respectively). In addition, the results demonstrated that, there was a significant decrease in G 3 and significant increase in G 5 in the mean values of the bending moment when compared with other experimental groups.
With more boron supplementation there was significant decrease in femur bone stress and significant increase in moment of inertia when compared to control group. Table ( 3) summarizes the effect of feeding different boron doses on femur bone total lipids and minerals ash concentrations (calcium, phosphorus, magnesium, zinc, and copper).
The results of the present study showed that, femur bone total lipids were significantly reduced (p<0.01) in rats fed diets containing high doses of boron as sodium borate (20, 25, 30 , and 35 mg B/100 g diet). It is clear that, a highly significant increase (p<0.01) in femur bone ash calcium level between all treated rats. There was no significant difference in the mean values of femur bone ash zinc among different experimental groups. Bone ash copper femur had the same trend of bone ash phosphorus levels throughout the experimental period (42 days). The results of present study showed that, femur bone total lipids were significantly reduced (p<0.01) in rats fed diets containing high doses of boron (from G 5 to G 8 ).
Table (4) illustrates the effect of different experimental diets on tibia bone characteristics (weight, length, and density) and mechanical properties (bending moment, moment of inertia, and stress). It is clear that, there were no significant differences in tibia bone length and bending moment throughout 42 days of experiment. While, tibia bone weight and density recorded significant increases in all rat groups as compared to control group. Supplementation with boron decreased significantly moment of inertia of tibia bone in rat group, which fed diets containing 10 mg B/100 g diet (G 3 ). On the other hand, tibia bone stress was increased significantly in G 4 and G 6 when compared to other experimental groups. Table ( 5) summarizes the effect of different doses of boron on tibia bone total lipids concentration and the levels of calcium, phosphorus, magnesium, zinc, and copper. Data showed that, tibia total lipids were significantly reduced by increasing boron supplementation (20-35 mg B/100 g diet) when compared with other experimental groups. It is clear from table (5) that, tibia calcium levels were significantly increased in all rat groups when compared with control group. On the other hand, the concentration of phosphorus, magnesium, and copper showed significant reduction in all rat groups as compared with control group. The results also showed that, there was no significant difference in the mean values of tibia bone ash zinc concentration. 
DISCUSSION
The findings of the present study demonstrated that, although no weight loss was observed in all experimental rat groups, the rate of body weight gain was reduced as the intake of boron was increased. The lowest mean value were observed in rat group fed on diet supplemented with high dose of B (35 mg B/100 g diet), while the highest value were found in rats fed on diets containing 15mg B/100 g diet. Loss of body weight has been reported in studies utilizing high doses of boron and has been postulated to be the result of intestinal malabsorption (22, 23) and/or reduced nutrient intake (24) . Naghii and Samman (25) reported that, body weight gain increased at lower doses of B supplementation in rats, with no change at the highest concentration of supplemental B. Armstrong et al. (11) reported that, B supplementation to a semipurified diet did not affect average daily gain but did improve gain/feed in weanling pigs.
Boron has been examined as a possible nutritional factor in calcium (Ca) metabolism and utilization, and thus as a factor in the development and maintenance of normal bone (26) . Bone-breaking strength and bone ash are often used as criteria for assessing the values of various dietary supplements for preventing bone breakage (27) .The results of the present study showed that, femur and tibia characteristics affected significantly by boron supplementation.
The results revealed that femur and tibia weight were significantly increased as the intake of boron was increased. The result of the current study were consistent with a study by Wilson and Ruszler (9) who found significant differences in bone weight and ash content of growing pullets fed on diets supplemented with 50, 100, and 200 mg B/kg diet.
Bone density was significantly higher in experimental rat groups fed on diets containing high doses of boron (20-35 mg B/100 g diet) when compared with control group. Wilson and Ruszler (9) reported that bone ash content, which is a measure of bone density, increased significantly with the highest value at 50 mg/kg. This increase in bone density could account for the increase in the strength properties of the bone tissue. As the bone tissue becomes denser, the molecular structure altered in such a way as to allow the bone to support an additional load.
Boron plays a regulatory role in the metabolism of several micronutrients, such as calcium, phosphorus (P), magnesium (Mg), and vitamin D (8, 28) . Boron was observed to be positively influence the metabolism of these dietary substances by improving their absorption or reducing the urinary losses, which all play a role in maintaining bone health (28, 29) . It is clear from the results of the current study that, femur and tibia calcium level increased gradually as the supplementation of dietary boron was increased. The current findings are in agreement with the results of Nielsen (30) who postulated that boron supplementation increased tibia calcium concentration. Present data give evidence that boron alters calcium levels by different mechanisms. The influence of boron on vitamin D and magnesium metabolism (and thus Ca hemostasis) may be controlled by its influence on cell membrane activity (31) , what is known is that large amounts of dietary boron benefit Ca and vitamin D status in humans and animals (32) . On the other hand, femur and tibia bone ash phosphorus, magnesium, and copper concentrations showed significant reduction in all experimental rat groups when compared to control group. The lowest value for femur bone magnesium was noticed by supplementing boron at a tested dose level of 35 mg B/100 g diet.
Armstrong and Spears (6) reported that boron supplementation did not affect calcium concentrations of the fat-free bone ash, but supplemental B increased phosphorus (P) concentrations of bone ash compared to controls. Boron did not affect the fat-free ash percentage of the bone; therefore, the increase in bone ash P by B is not clear. One hypothesis to explain the increase in bone ash P by the physiological amounts of dietary boron may be possible that B will decrease the concentrations of other minerals, such as Mg, Cu, or Zn, in the bone ash.
The results of the present study showed that, femur bone copper concentrations were increased significantly in rat groups fed diets containing 5 and 10 mg B/100 g diet and then gradually decreased by increasing boron supplementation. The lowest concentration for femur bone copper was observed in rat groups fed diets supplemented with high doses of dietary boron (25, 30 , and 35 mg B/100 g diet).
Zinc is an essential element for normal skeletal growth and development.
Thus, significant changes in bone zinc concentration may reflect striking changes in bone characteristics (33) . The results of the present study showed that, tibia zinc concentration insignificantly reduced by increasing boron supplementation as in case of femur bone. Nielsen et al. (33) found that 3 mg/kg boron supplementation reduced bone zinc concentration. Kurtoglu et al. who postulated that fat-free ash percentage of the femur and the concentration of zinc were not affected by B supplementation.
The results of the present study showed that, the concentration of total lipids in femur bone were significantly reduced in rats fed diets supplemented with different doses of boron (5-35 mg B/100g diet) when compared with control group. Data also showed that tibia total lipids reduced significantly by increasing boron supplementation (20- had demonstrated that B could increase the mechanical properties of bone. Nielsen (30) reported that boron supplementation increased femur strength measured by the breaking variable bending moment.
The results of the present study showed that, feeding diets supplemented with different doses of boron (5-35 mg B/100 g diet) had no effect on the values of bending moment of tibia bone, while, there was a significant decrease in the moment of inertia and significant 
